Introduction
During myocardial ischemia function, morphology, energetics, and metabolism change in a characteristic manner. Besides the parameters mentioned Gersing and Preusse [1, 2] could demonstrate that distinctive organ specific alterations of the bioelectric impedance happen, too. Since it is well known that the neonatal (immature) heart completely differs from the adult one during aerobiosis and anaerobiosis -especially regarding its metabolism -the bioelectric impedance of neonatal hearts under ischemic conditions was analysed to evaluate bioelectric differences between adults and neonates.
Methods
All animal experiments were performed according to the German law of animal protection. Landrace pigs were used for the experiments. The piglets aged between 6 and 10 days had a body weight (bw) of about 3 kg, while the adult pigs weighed 30 kg at an age of 3 months. According to the anaesthesiological protocol all pigs got premedication (midazolam 0.5 mg/kg bw; ketamine 15-20 mg/kg bw) and were intubated and ventilated. Anaesthesia was sustained with midazolam (0.5 mg/kg bw), fentanyl (0.001 mg/kg bw), and pancuronium (0.1 mg/kg bw). After sternotomy, the hearts were excised and immediately put into an incubator at constant humidity (30%) and temperature (35°C). A probe containing four gold plated electrodes (two current injecting electrodes and two voltage sensing electrodes) was placed on the epicardial layer of the left ventricle, parallel to the left anterior descending (LAD). The impedance was measured continuously up to 24 hours with a frequency range from 100 Hz to 1 MHz, using a computer controlled Solartron 1260 Impedance Analyser and ImpDAQ V1.03 iba e.V. Software. The measurements included absolute impedance, its real part (Re) and imaginary part (Im) as well as the resulting phase angle (ϕ).
Results
Principally, a sigmoid curve of the phase angle could be seen in both neonates and adults. However, the initial plateau phase in the neonates did not last as long as in the adults (neonates 30 min, adults 80 min). Furthermore, the increase of the phase angle was much more rapid and higher in the neonates. After 120 min the phase angle entered a second plateau. In contrast, the plateau phase of the adult hearts was only reached after about 6 hours. The absolute impedance [Ω] at low frequencies increased up to tenfold in the neonates till reaching the second plateau, while the impedance of the adult hearts only reached a fivefold elevated level. In order to evaluate the development of an ischemia induced oedema the Extracellular Space Index (ESI) was calculated:
Directly after excision of the hearts the ESI was 55,3% in the neonates and 50,0% in the adults. Due to a cell swelling the ESI decreased to 11,3% within 120 minutes in the neonates and to 13,0% within 6 hours in the adults. Measurements lasting for 24 hours showed a rapid re-increase of the ESI in both groups.
Discussion
Electric bioimpedance spectroscopy allows a fast and easily applicable characterization of tissues. Within the frequency range up to 1 MHz, current conduction through tissue is mainly determined by tissue structure, i.e. the extra-and intracellular compartments and the insulating cell membranes [1] . Therefore, early changes in the extra-and intracellular space due to ischemia can be detected.
The sigmoid curve of the phase angle consists of 3 specific parts: 1. the initial plateau phase representing reversible alterations of myocardial structure and function, 2. the increase of the phase angle and 3. a second plateau phase representing irreversible alterations. During the period of increasing phase angle the critical limit of resuscitation is reached. At low frequencies (< 1 kHz) Re is influenced by the extracellular ion density and/or by the size of the extracellular space. In neonatal hearts the last mentioned parameter plays a major role since it decreases by far faster than in adults. The more intensive alteration of Re in neonates is additionally caused by the higher ischemia induced metabolic turnover compared with adults. In both groups a re-increase of the ESI up to 99% could be determined indicating a total destruction of cellular structures after 24 hours of normothermic ischemia. Reasons for the shorter initial plateau phase and for the earlier reaching of the second plateau phase in neonates are discussed and morphological investigations are additionally presented.
